ABSTRACT: Intracellular unbound drug concentrations are the pharmacologically relevant concentrations for targets inside cells. Intracellular drug concentrations are determined by multiple processes, including the extent of drug binding to intracellular structures. The aim of this study was to evaluate the effect of neutral lipid (NL) and phospholipid (PL) levels on intracellular drug disposition. The NL and/or PL content of 3T3-L1 cells were enhanced, resulting in phenotypes (in terms of morphology and proteome) reminiscent of adipocytes (high NL and PL) or mild phospholipidosis (only high PL). Intracellular bioavailability (F ic ) was then determined for 23 drugs in these cellular models and in untreated wild-type cells. A higher PL content led to higher intracellular drug binding and a lower F ic . The induction of NL did not further increase drug binding but led to altered F ic due to increased lysosomal pH. Further, there was a good correlation between binding to beads coated with pure PL and intracellular drug binding. In conclusion, our results suggest that PL content is a major determinant of drug binding in cells and that PL beads may constitute a simple alternative to estimating this parameter. Further, the presence of massive amounts of intracellular NLs did not influence drug binding significantly.
■ INTRODUCTION
Intracellular unbound drug concentrations are the pharmacologically relevant concentrations for targets in the cell interior. 1 The intracellular concentrations are not necessarily equal to the unbound concentrations in the blood, and they are affected by active transport and clearance processes within the cell. Furthermore, drug exposure may vary depending on the subcellular localization of the target, for example, as a result of concentration gradients across organelle membranes. Quantification of the intracellular unbound drug exposure is therefore of great importance in drug discovery and development to improve prediction of drug efficacy and toxicity.
We and others have recently developed methods to quantify intracellular unbound drug concentrations. 2−10 Our small-scale approach can be applied in drug discovery settings and involves parallel measurements of total intracellular drug concentration (C cell ) and the fraction of unbound drug in the cell (f u,cell ). 2 These two parameters are then combined to obtain an estimate of intracellular bioavailability (F ic ), i.e., the ratio between the intracellular unbound concentration, which is available to elicit pharmacological effects inside the cell, and the extracellularly applied concentration. When F ic is equal to 1, the unbound concentration of a drug in the cell interior is equal to the concentration applied to the cell, whereas lower or higher values indicate, respectively, restricted or increased intracellular bioavailability of the drug. F ic has been used to study the effect of drug transporters on intracellular drug concentrations 3, 6, 7 and to study the importance of intracellular drug concentration for target engagement. 11 Numerous factors can affect F ic . These include drug transporters and drug-metabolizing enzymes, 3,5−7 sequestration of the drug into organelles (usually endolysosomes or mitochondria), 8,12−14 and the degree of binding to cellular components, such as lipids and proteins. This binding occurs mostly nonspecifically to the cell membranes involved in lipid partitioning. 15−17 Studies of drug interactions with phospholipid membranes 18, 19 and tissue lipids 20, 21 indicate the importance of phosphatidylcholine and phosphatidylserine in drug distribution. However, the individual influence of major lipid classes on f u,cell has not been fully investigated. Here, we therefore used our small-scale methodology to investigate the effect of phospholipid (PL) and neutral lipid (NL) concentrations on F ic . The studies were performed in 3T3-L1 fibroblasts. This is a cell line that can be transformed into adipocytes containing NL droplets 22 and that, as shown here, can also be transformed to accumulate PLs. Our results indicate concentrations of PLs, but not those of NLs, to be a major determinant of the unbound intracellular drug fraction. We also show that f u,cell can be predicted from the drug affinities for pure phosphatidylcholine.
■ EXPERIMENTAL SECTION Chemicals. Compounds were obtained from Sigma-Aldrich, Fluka, Tocris, ICN Biomedicals, and from the Prestwick library (Prestwick Chemical) at their highest available degree of purity (≥95%). DMSO stocks (10 mM, or highest possible solubility if lower) were kept at −20°C after preparation and were used for a maximum of four freeze−thaw cycles.
Compound Selection. We aimed to study F ic using a representative compound set for the chemical space of small-molecule drugs. We first calculated 334 ADME-related molecular properties for the complete Prestwick library (n = 1197) using ADMET predictor (Simulations Plus, version 7.2). These properties were used as features in a principal component analysis in Simca-P (Umetrics, version 12.0). A preliminary subset of 51 compounds, spread over the chemical space of the full library, was selected for a first round of experimental screening ( Figure S1 ). After the compounds for which UPLC−MS/MS detection was problematic (due to poor compound ionization or chromatographic retention) or for which quality requirements in terms of recovery or stability were problematic were excluded, the set consisted of 23 representative compounds. The calculated octanolbuffer coefficient at pH 7.4 (LogD 7.4 ) ranged from −0.7 to 5.0, polar surface area (PSA) from 28.2 to 146.0 Å 2 , and molecular weight (MW) from 194.2 to 628.8. Six of the compounds were anionic, eight were cationic, and nine were neutral at pH 7.4.
Cell Culture. 3T3-L1 cells (ATCC) were grown in culture medium (Dulbecco's Modified Eagle's Medium, DMEM) containing 4.5 g/L glucose (Thermo Fisher, no. 41966) and supplemented with 10% bovine calf serum (BCS) (ATCC, no. 30−2030)). Cells were passaged at 80% confluency at a ratio of 1:5 every 3−4 days. For differentiation to an adipocyte-like phenotype, confluent cells were maintained in culture medium for 48 h before changing to differentiation medium (DMEM with 4.5 g/L glucose, supplemented with 10% fetal calf serum (FCS) (Thermo Fisher, no. 16000), 1% PEST, 1.1 g/L 3-isobutyl-1methlyxanthine (IBMX), 0.5 μM dexamethasone, and 1.7 μM insulin. At day 3 of postinduction, the medium was changed to adipocyte maintenance medium (DMEM with 4.5 g/L glucose containing 10% FCS, 1% penicillin−streptomycin (PEST), and 1.7 μM insulin) and replaced every second day. 23 Experiments were carried out at days 8−10. For PL induction, 3T3-L1 cells were grown in culture medium as above but supplemented with 5−20 μM propranolol or 5−50 μM amiodarone. 24 The accumulation of PLs depended on the inducing compound concentration ( Figure S3 ) and length of induction time ( Figure S4 ). The largest difference in PL concentration compared to wild-type cells was found after 48 h of induction with 20 μM propranolol. At this concentration, the impact of PLs could be studied without causing the large morphological changes characteristic of manifest phospholipidosis. Therefore, these were the conditions used throughout this work.
Fluorescence-Based Quantification and Imaging of NL and PL Content. Cells were grown in black, clear-bottom 96-well plates under the different culture conditions mentioned above. NLs were stained with AdipoRed Adipogenesis Assay Reagent (Lonza) according to the manufacturer's instructions. Briefly, cells were washed twice with prewarmed PBS, and each well was filled with 200 μL of PBS. Upon addition of 5 μL of AdipoRed reagent, the plate was placed for 10 min at 37°C. Fluorescence was measured at 485 nm (ex)/520 nm (em) at two independent occasions.
PLs were labeled using the fluorescent PL N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-1,2-dihexadecanoyl-sn-glycero-3-phosphoethanolamine (NBD-PE) (Thermo Fisher, no. N-360), which was added to the culture medium at 50 μM for 48 h. Cells were washed twice with prewarmed PBS prior to measurement at 485 nm (ex)/529 nm (em). All values were normalized for cell number using the signal (355 nm (ex)/520 nm (em)) of the nuclear stain Hoechst 3342 (5 μg/mL in PBS) in representative wells.
Confocal images of lipid cellular distribution were obtained with a Zeiss LSM 700 confocal with a Plan-Apochromat 20×/0.8 objective. Instrument settings were identical for each series of images to ensure accurate comparison of the fluorophore staining. The images were analyzed using the Zen 2.1 SP1 software (Carl Zeiss, version 12.0.0.0). The specificity of the stains was confirmed by comparison to control stains with similar staining pattern ( Figure S2 ).
Lysosomal Staining. All stains were from Thermo Fisher and used according to the manufacturer's instructions. Lyso Tracker Red (LTR) DND-99 was used for staining of lysosomes, wheat germ agglutinin for cell membranes, and DAPI for nuclei. After staining, samples were fixed with 4% formaldehyde for 15 min and mounted overnight with ProLong Gold Antifade Mountant. Images were captured using a Zeiss LSM 710 with a Plan-Apochromat 40×/1.3 Oil DIC M27 objective. The specificity of the lysosomal stain was verified by observing disappearance of the staining upon addition of 100 μM of the pH-gradient disrupting drug, chloroquine, to the staining solution.
Enzymatic Quantification of PL Content. The PL content of cell homogenates was quantified at two independent occasions using the WAKO LabAssay PhospholipidCholine Oxidase/DAOS method according to the manufacturer's instructions (Nordic Biolabs). Briefly, 2 μL of the cell homogenate used for cellular binding studies (see below) and 300 μL of color reagent were added to a 96-well black, clear-bottom plate, incubated at 37°C for 5 min. Absorbance was measured at 600 nm. A calibration curve was established using the standards provided in the kit.
Proteomics. For global proteomics, the adherent cells were washed twice with PBS, harvested with a cell scraper, and pelleted. Pellets were stored at −80°C until further analysis. Peptides were prepared using the filter-aided sample preparation protocol by enzymatic digestion with Lys-C and trypsin and analyzed on a QExactive mass spectrometer (Thermo Fisher Scientific) in a label-free shotgun approach, as described elsewhere. 25, 26 Proteins were quantified using the label-and standardfree "Total Protein Approach." 26 Only proteins quantified with ≥3 unique/razor peptides were statistically analyzed with the tool Perseus 27 (version 1. 
where Kp is the intracellular compound accumulation at steady state, and f u,cell is the intracellular fraction of unbound compound. These were determined as previously described and summarized in the following sections.
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Intracellular Compound Accumulation at Steady State (Kp). Cells were cultured as described in the cell culture section. All experiments were performed in 96-well plates. Kp was measured at 100% confluence or after full differentiation of the cells. Briefly, cells were washed twice with prewarmed Hank's buffered salt solution (HBSS), and 200 μL of 0.5 μM drug solution in HBSS was added. An incubation time of 45 min was found to be sufficient to reach equilibrium for a diverse compound set across all evaluated cell types ( Figure S5 ) and was therefore used in subsequent experiments. A sample of the incubation medium was removed and diluted 10-fold with a mixture of acetonitrile and water (60:40) containing 50 nM warfarin (internal standard) for determination of C medium by LC−MS/MS (Table S16 ). The remaining supernatant was removed by aspiration, and the cells were washed twice with ice-cold PBS. Intracellular compound was extracted using an acetonitrile/H 2 O (60:40) solution containing an internal standard for the determination of the amount of drug in the cells (A cell ). Protein content was quantified using the BCA assay in representative wells to calculate the cellular volume (V cell ), assuming 6.5 μL/mg protein ( Figure S8 and ref 29) . Finally, Kp was calculated using eq 2
All experiments were performed in triplicate, and reproducibility was confirmed by repeating the experiment on up to four separate occasions.
Binding of Drug to Cell Homogenates (f u,hom ) and Intracellular Fraction of Unbound Compound (f u,cell ). f u,cell was measured in cassette mode as previously described. 30 Up to eight compounds were pooled in each dialysis chamber to increase throughput. 30 In addition to our previously published comparisons, cassette-and single-dosing equivalency was confirmed here for three representative compounds from our data set ( Figure S7 , Panel A). Further control experiments showed that the effect of DMSO (present in stock solutions) and chloroquine (used to neutralize the pH gradient of endolysosomal compartments in the Kp experiments with intact cells) 2 did not alter f u,cell significantly ( Figure S7 , panels B and C). Briefly, 10 million cells/mL were suspended in HBSS and homogenized on ice by sonication (VCX 750 Sonicator, 3 mm probe, 20% intensity, 10 s). Compounds were added to the cell homogenate at a final concentration of 0.5 μM each, and the spiked homogenate was transferred to the dialysis chamber. Atorvastatin and lopinavir were included in each experiment as controls for low-and high-binding, respectively. HBSS was added to the receiver compartment. Samples of spiked cell homogenates were kept at 4 and 37°C for the duration of the experiment as stability controls (only samples with recoveries of >70% of the initial compound were included). After dialysis for 4 h at 37°C and 900 rpm in the Rapid Equilibrium Dialysis device (Thermo Fisher), the unbound fraction in the cell homogenate (f u,hom ) was determined according to eq 3
The fraction of unbound compound in the cell (f u,cell ) was calculated by correcting for homogenate dilution according to a Langmuir binding isotherm model (eq 4)
where the dilution constant D was calculated using eq 5, assuming the V cell to be equal to 6.5 μL/mg protein ( Figure S8 and ref 29 ).
Membrane Affinity and Fraction Unbound to Lipids: MA and f u,lipid . The affinity of the compounds to pure phosphatidylcholine membranes was determined using the TRAN-SIL Intestinal Absorption Kit, according to the manufacturer's instructions (Sovicell, TMP-0100−2096). Membrane affinity was determined at six different concentrations of PL-coated silica beads at a fixed concentration of the test compound. After incubation for 15 min at room temperature and shaking at 1000 rpm, the samples were centrifuged, and the drug concentration in the supernatant (C buffer ) was quantified by LC−MS/MS (Table S16) . Nonspecific binding to assay plastic was determined in wells containing only buffer. Membrane affinity is defined as described in eq 6 = C C membrane affinity membrane buffer (6) and was calculated according to instructions in the TRANSIL Intestinal Absorption Kit.
The fraction unbound to pure phosphatidylcholine (PC), f u,PC was derived as follows (eq 7)
Prediction of f u,hom . f u,hom was predicted based on f u,PC (from eq 7), using the dilution eq (eq 4) to scale the extent of binding from the pure PL system to the conditions in cell homogenates
where the dilution factor D was optimized with the Solver Microsoft Excel add-in (version 14.0) by minimizing the sum of the squared prediction errors. Statistical Analysis. All statistical analyses (Wilcoxon matched-pairs signed rank tests, t tests with multiple test correction, Bonferroni−Dunn method) were performed in GraphPad Prism (version 7.0). We characterized the three cell models using mass spectrometry-based global proteomics. A total of 5911 proteins were identified ( Figure 1L ), of which 3755 were confidently quantified. These numbers were in line with previously published proteomes of 3T3-L1 cells in studies with comparable quantification techniques. 31−34 Of these 3755 quantified proteins, 472 were differentially expressed in NL + PL + cells compared to the WT cells ( Figure S13 ). Pathway analysis showed that these 472 proteins were involved in metabolic processes, glycolysis and gluconeogenesis, lipid storage and homeostasis, and fatty acid turnover ( Figure S13 ). As expected, the adipocyte-like NL + PL + cells showed up to 100-fold higher expression of well-known markers of adipocyte differentiation (e.g., Lipe, Fabp4), lipid droplet associated proteins (e.g., Plin 1, Abhd5), and proteins involved in fatty acid metabolism (e.g., Lpl, Acsl1) 31, 32 ( Figure S14 ). Cells harvested at an intermediate stage of differentiation (day 4 instead of day 9) showed an intermediate proteomic profile in a principal component analysis ( Figures 1M and S14) .
The proteome of PL + cells showed only minor differences of no statistical significance, compared to the WT cells ( Figures 1M  and S13 ). Cells with morphological signs of phospholipidosis in vitro typically show upregulation of proteins involved in, e.g., lysosomal activity, cholesterol biosynthesis (HMG-CoA reductase and synthase), and lipid metabolism. 35 This was not the case in PL + cells, suggesting that these cells−induced for only 2 days−were at an early stage of phospholipidosis.
Proteins involved in ADME processes, including transporters and metabolic enzymes, have previously been shown to alter F ic . 7 We therefore analyzed their cellular concentrations. A total of 110 ATP-binding cassette (ABC) proteins and solute carrier family (SLC) transporters were identified in the global proteomic analysis (see Supporting Information), of which 15 are known to impact drug disposition; none of these were significantly altered by the differentiation procedures. Likewise, the expression of the nine identified cytochrome P450 (CYP) enzymes was not significantly altered. From these results, we expect that these drug transporters and drug metabolizing enzymes did not influence the differences in F ic of the three cell lines in this study.
Cell Volume. We also investigated if the protein mass per cell volume remained constant for the three cell types, as is generally assumed for mammalian cells. 36, 37 We determined the cell number, total protein content, and average cell diameter for each cell type after culture in 24-well plates. The difference in cellular volume per protein mass was minimal (6.5 to 7.1 μL/mg protein) ( Figure S8) .
Impact of Lipids on Intracellular Bioavailability. A set of 23 chemically diverse drugs, representative of the chemical space of registered drugs and differing in charge, lipophilicity, polarity, and size ( Figure S1 ), was selected to evaluate the differences in F ic in the three cell types. F ic is the product of steadystate cellular uptake (Kp) and unbound drug fraction in cells ( f u,cell ) (Table 1; Figure 2) .
Effect of Lipids on F ic . Figure S14 ). Figure 3A) . When the cells were incubated with the lysosomal pH-elevating drug chloroquine, the lysosomal staining disappeared in all three cell types. In addition, accumulation of the lysosomotropic drug alprenolol decreased in the chloroquine-treated WT and PL + cells to similar levels as in untreated NL + PL + cells ( Figure 3B ). In the same experiment, Kp values of the neutral and anionic drugs were unaffected ( Figure 3B ). Taken together, these results suggest that lysosomal pH is increased in NL + PL + cells, leading to lower accumulation of basic drugs in low-pH compartments. The decrease in Kp in these cells (Figure 2A ) was therefore not attributed to the presence of lipids. Note that the differences in Kp of neutral drugs in PL + vs WT cells reached statistical significance. This observation was not explained merely by the lipophilicity of the drugs. Further evaluation in separate studies may provide an explanation but is beyond the scope of this manuscript. Kp reflects the sum of all processes leading to the net drug accumulation in cells, such as passive and active transport, metabolism and unspecific binding.
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Effects of Lipids on f u,cell . To study the effect of lipids on f u,cell , we compared the values of the differentiated cell models and the WT cells. As previously observed, 2,39 f u,cell decreased with logD 7.4 ( Figure S9a ). Our compounds displayed, on average, a 1.7-fold higher binding to both NL + PL + and PL + cells than WT cells, resulting in a lower f u,cell for the two treated cell types ( Figure 2B ). This increase in binding was in good agreement with the 1.5-fold average increase in PL content in both NL + PL + and PL + cells ( Figure 1K ). Preliminary experiments using PL + cells with a different PL content supported these findings ( Figure S4 ). Although the average change was similar in both treated cell types, cationic drugs were somewhat more affected in the PL + cells, and neutral compounds were more affected in the NL + PL + cells; in both cases, there was a 2.1-fold increase relative to the WT cells ( Figure 1K ). In contrast, the approximately 5-fold increase in NLs in the NL + PL + cells did not seem to quantitatively affect f u,cell for the data set overall, although a trend of increased binding was observed for the highly lipophilic compounds (logD > 3, Figure S9b ). Together, these results suggest that PLs are a major determinant of the unbound drug fraction inside the cell for most compounds.
Contribution of PLs to Cellular Binding. To further investigate the impact of PLs on f u,cell , we measured binding of the same compound set to phosphatidylcholine-coated beads ( Figure S10 ). These beads are designed for determining membrane binding, and the PLs are arranged in a bilayer conformation on the bead surface. 40 We scaled the unbound fraction measured in the phosphatidylcholine bead system (f u,PC ) to f u,cell with the Langmuir isotherm model that is commonly used to account for dilution in measurements of drug binding to tissues 2, 41 ( Figure 4A ). Our predictions of f u,cell correlated well with the f u,cell from the cell homogenates. A larger experimental error was observed for compounds with f u,cell close to 1 ( Figure 4B,C) . This is explainable by the considerably higher PL concentration in the cell-free system, which resulted in a higher resolution for low-binding compounds in this system than that obtained in the cellular homogenates. 7 The dilution Figure S7 ). Note: The same figure with individually labeled data points is available in S17.
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Article factors for the WT and PL + cells differed by 1.3 ( Figure S11 ), which is close to the 1.5-fold difference in PL content between the two cell types ( Figure 1K ). In conclusion, it seems that f u,cell can be predicted from affinities to pure PLs when the lipid content of the cells is known, again suggesting that PLs are the major determinant of intracellular drug binding.
■ DISCUSSION
Intracellular bioavailability (F ic ) is the net result of all factors that influence cellular drug disposition, but the individual contribution of each factor has not yet been studied in detail. In this study, we focused on how cellular lipid content influences F ic . Lipophilic drugs distribute to cellular lipids, 16, 18, 19 but the effects on unbound intracellular drug exposure, as described by the F ic parameter, have not been investigated under controlled and well-characterized cell culture conditions. We chose the 3T3-L1 (mouse fibroblast) cell model for these studies, because it can be grown in different configurations resulting in different lipid compositions. 22 Our results indicated a strong reversed relationship between the increase in PL content and the equal difference in intracellular fraction of unbound compound ( f u,cell ). The 5-fold increase in the content of NLs only affected highly lipophilic drugs and did not generally enhance the binding beyond the increases seen when only PL content was induced. Further support for a dominant role of PLs in cellular drug distribution was obtained from a cell-free system containing only phosphatidylcholine, the most abundant PL in 
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Article mammalian cells. 44, 45 There was a strong correlation between the f u,cell predicted from binding to the pure PL system and the f u,cell measured in cellular homogenates ( Figure 4B,C) . We speculate that most of the remaining differences between the PL-derived and cellular f u,cell are due to real cell membranes having a more complex lipid composition.
Distribution of certain neutral drugs into NL droplets has been reported. 46−48 It was therefore unexpected that the accumulation of our neutral drugs did not increase in the NL + PL + cells. Lipid droplets, such as those present in the NL + PL + cells, contain a core that is filled mainly with NLs such as triacylglycerols and cholesterol esters; these NLs are surrounded by a PL monolayer originating from the endoplasmic reticulum. 49, 50 Amphiphilic drugs are therefore likely to accumulate on the surface of these droplets rather than penetrate into the NL core. While our results do not indicate preferential accumulation of drugs in NL droplets, it is possible that neutral drugs more lipophilic than those in our study might be.
Initially, we intended to include more compounds with very high V D (up to 700 L) in our data set, since a potential link between tissue uptake and strong lipid binding has been discussed in the literature. 16, 20 However, due to the poor ionization properties of these lipophilic compounds (with resulting low sensitivity in LC−MS/MS analysis), they did not satisfy the quality thresholds. Further studies are required to determine a potential correlation between lipid affinities and (high) V D . Nevertheless, the compound set used in this study was carefully chosen on the basis of a principal component analysis that included 1197 drugs and 334 molecular descriptors ( Figure S1 ). The final compound set covered key properties such as molecular charge (anions, neutral compounds, and cations), Factors other than lipid composition could also contribute to the differences in F ic between the three 3T3-L1 cell types. For instance, the divergent morphology of the adipocyte-like NL + PL + cells suggested that the global protein expression profiles might also be altered. We therefore investigated the cellular proteomic profiles of the three cell lines.
The 51−53 FABPs can therefore alter the exposure at targets residing in, for example, the nucleus. Similarly, FABPs in intestinal epithelial cells have been shown to influence the uptake and disposition of drugs in models for intestinal absorption. 51 FABPs generally bind drugs at a 1:1 stoichiometry. 53 Binding affinity constants of the FABPs are in the micromolar range, with increased affinity toward lipophilic and acidic compounds. 51−54 However, for a given drug, the affinity to FABPs is generally lower than the affinity to albumin. 54 In turn, albumin has, on average, lower binding affinities for drugs than do the PLs. 40 Further, PLs are more abundant than FABPsin our WT cellular homogenates, we quantified roughly 35 000 PL molecules per FABP protein ( Figure S15 ). Together, this supports the general notion in our study that the differences in drug binding in our three cell models were caused mainly by PLs, with intracellular drug protein binding having little impact.
We have previously shown that alterations in the expression of ADME proteins, such as drug transporters and drug metabolizing enzymes, affect the F ic . 7 We therefore analyzed whether the expression of ADME-related proteins differed in our cell lines. However, no significant differences were seen, indicating a limited impact of these proteins on F ic in our study.
However, one significant finding was the absence of a pH gradient between cytosol and lysosomes in the NL + PL + cells ( Figure 3A) . Lipophilic cationic drugs are well-known to be trapped in low pH compartments such as the lysosomes, and this was observed in the PL + and WT cells but not in the NL + PL + . The increased lysosomal permeability in hypertrophic adipocytes reported in vivo supports our results. 55 If this increased permeability exceeds the capacity of the endolysosomal proton accumulation, it could explain the absence of the pH gradient in our NL + PL + cells. A comparable endolysosomal permeability defect is seen in cells where the Cl − /HCO 3 − exchanger Slc4a2 is depleted. 56 Interestingly, this transporter was down-regulated in our NL + PL + cells, but further investigations are required to establish the role of Slc4a2 for endolysosomal integrity.
Finally, we confirmed a constant ratio between cellular volume and total cellular protein mass. Sensitivity analyses showed that the observed small differences between the cell lines (ranging from 6.5 to 7.1 μL/μg protein) did not significantly influence our F ic calculations. Thus, changes in cellular volume per protein mass could be eliminated as a confounding factor in our studies.
In conclusion, our results indicate that PLs play a major role in determining f u,cell . Further, elevated endolysosomal pH, as observed in the adipocytes, also influences F ic , while other potentially contributing factorssuch as drug binding FABPs, drug transporters, and drug metabolizing enzymesdid not confound our observations. Finally, purified PL beads may be used as a simple and cell-free alternative for high-throughput prediction of f u,cell .
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